Background: Urushiols are mixtures of olefinic catechols which is isolated from the sap of Korean lacquer tree (Rhus vernicifera Stokes). The aim of this study was to determine the anticancer effects of urushiol in human gastric adenocarcinoma cell lines. Methods: The cytotoxicity of urushiols was assessed by MTT assays on the two gastric adenocarcinoma cell lines, MKN-45 (wild type of p53) and MKN-28 (mutant type of p53). We also examined the action mechanisms of urushiol by analyzing its effects on cell cycle progression and apoptosis induction. Conclusions: These data provide evidence that urushiol has the potential to be used as a chemotherapeutic agent in human gastric cancer. (J Cancer Prev 2013;18:169-176) 
INTRODUCTION
Urushiols are mixtures of olefinic catechols with n-C15 or n-C17 alkyl side chain which is isolated from the sap of Korean lacquer tree (Rhus vernicifera Stokes). [1] [2] [3] [4] [5] The usefulness of urushiol as a potential therapeutic agent has been limited by its hypersensitive reaction. 6 Urushiol has been traditionally used as an oriental folk medicine in Korea for various diseases, such as swelling, inflammation, and tumor. The cytotoxic effects of urushiol compounds have been studied in 29 different kinds of human cancer cell lines, including prostate, ovary, brain, colon, kidney, lung and leukemia, and the value of 50% growth inhibition (GI50) has been reported to be approximately 4.0μg/ml, showing cell line-specific cytotoxicity. 7 However, only cytotoxic sulforhodamine B assay was conducted and, therefore, the underlying molecular mechanisms of the cytotoxicity of urushiol were not fully elucidated. We recently reported that urushiol induced growth inhibition and apoptosis in MCF-7 human breast cancer cells. 8 Gastric cancer is the most prevalent cancer in the world, including Korea and Japan. Despite recent advances in cancer treatments, most newly diagnosed gastric cancer patients are incurable and have a median survival of less than one year. 9 It is well known that gastric cancer can be divided into two major categories: the intestinal, expanding, or differentiated type; and the diffuse, infiltrative, or undifferentiated type. 10 The differentiated type is characterized by expansive growth and liver metastasis; whereas the undifferentiated type is distinguished by infiltrative growth and peritoneal dissemination. 11 Sigma-Aldrich) and visualized by ultraviolet light source.
Morphological study of apoptotic cells
After the cells were treated with or without IC50 doses of urushiol (15 μg/ml for MKN-28 cells and 20 μg/ml for MKN-45 cells) for 48 h, and washed with PBS, they were centrifuged (250×g for 10 min) and fixed as a pellet in 2.5%
glutaraldehyde-1% osmium tetroxide buffered with PBS (pH 7.2), and processed for ultrathin sectioning by a slightly modified method. 15 The samples were dehydrated in a graded ethanol series, embedded in Spury resin, and analyzed with standard procedures under a Hitachi H600-3 electron microscope (Tokyo, Japan).
Gel electrophoresis and Western blotting
The cells were harvested, lysed, and protein concentrations were quantified using the Bio-Rad protein assay dase-labeled secondary antibodies were purchased from Amersham Pharmacia Biotech.
Statistics
Data were expressed as the mean±SD of three separate experiments and analyzed by Student's t-test. The means were considered significantly different at P＜0.05. Fig. 2A and B) and MKN-28 cells (Fig. 2C and D) , any other differences between two cells were not detectable by light microscopy with no staining. To test whether decreased viability of human gastric cancer cells by urushiol was attributed to apoptosis, the structures of nucleus were studied with PI staining on urushiol-treated cells. In MKN-45 cells, morphological changes were corresponding to apoptosis, including nuclear fragmentation and condensation, observed by the treatment of 15 μg/ml urushiol ( Fig. 2E and F). In contrast, any nuclear structural changes were not detectable on 20 μg/ml urushiol-treated MKN-28 cells ( Fig. 2G and H ).
Urushiol induced apoptosis in MKN-45 cells
To identify a hallmark of apoptotic cell death, assay for the genomic DNA fragmentation was performed. Urushiol treatment invoked DNA ladder formation, indicating that urushiol induced apoptosis in MKN-45 cell. The formation of DNA ladder was increased concentration-dependently (Fig. 3A) . However, urushiol did not mediate DNA ladder formation on MKN-28 cells (Fig. 3B) .
To confirm apoptotic cell death of MKN-45 by urushiol treatment, the cellular morphology was investigated via electron microscopy. The degeneration of apoptotic bodies observed on MKN-45 with the treatment of urushiol ( Fig. 4A and B) , whereas MKN-28 cells maintained intact cellular structure ( Fig. 4C and D) .
The p53 tumor suppressor gene is a cell cycle regulator and is able to induce cell cycle arrest to allow DNA repair or apoptosis. 16 The product of p53 gene mediatesthe regulation of expression of apoptosis-related proteins and transactivates p21
, CDK inhibitor. 17 The treatment with urushiol mediated up-regulation of p53 and p21
expression on MKN-45 cell (Fig. 5) . It was reported that Fas receptor and its ligand were involved in activation of apoptosis. 18 Fas (48 kDa) and Fas-L (40 kDa) proteins were up-regulated on MKN-45 cells treated with urushiol (Fig. 5) .
Recently, it was reported that Bcl-2 family is a major regulator of apoptosis and Bcl-2/Bax ratio appears to be an important determinant in the regulation of apoptosis. 19 To investigate the involvement of Bcl-2 family, the expression level of Bcl-2 and Bax was measured on MKN-45 and MKN-28 cells after treatment with urushiol. The expression level of Bcl-2 was very low and unchanged by urushiol on MKN-45 cells, whereas expressions of Bax were up-regulated by urushiol (Fig. 5) . However, the expression of Bcl-2 was detectable without changing of expression by urushiol on MKN-28, whereas Bax expression was very low (data not shown).
Caspase-3 has known as executioner of apoptosis that mediated DNA fragmentation and cleavage of many cellular and nuclear proteins. 20 To study the involvement of caspase-3, the activation of caspase-3 and PARP cleavage were observed on MKN-45 cells treated with urushiol. After treatment of urushiol the level of proenzyme form (32 kDa) of caspase-3 was increased and active form (19 kDa) of enzyme was also detected on MKN-45 cells (Fig. 5) .
poly(ADP-ribose) polymerase (PARP), one of well-known substrates of caspase-3, was cleaved on MKN-45 cell by urushiol treatment (Fig. 5) . 
Urushiol mediated G1 arrest on MKN-28 cells
Although urushiol mediated apoptosis-associated changes on MKN-45 cell, it seemed that urushiol did not induce apoptosis on MKN-28 cells. DNA ladder formation and nuclear condensation were not observed after treatment with urushiol on MKN-28 cell (Fig. 3B, 4D ). This implies that other mechanisms of growth inhibitory effect of urushiol on MKN-28 might be involved. To investigate the effects of urushiol on cell cycle, we studied expression of p21 WAF1/CIP1 protein, a well-known inhibitor of cyclin dependent kinase. The expression level of p21 WAF1/CIP1 protein was found to be increased by urushiol treatment on MKN-28 cell through a p53-independent manner (Fig. 6 ).
Another inhibitor of cyclin dependent kinase, p27
KIP1
, was also up-regulated by urushiol on MKN-28 cell (Fig. 6 ).
However, cell cycle regulatory proteins at G1 phase, cyclin D1, was decreased by urushiol treatment on MKN-28 cell (Fig. 6) . Additionally, cyclin dependent kinase 4 and cyclin dependent kinase 2 were slightly decreased on MKN-28 cell by urushiol treatment (Fig. 6) .
DISCUSSION
In the present study we observed urushiol inhibited the 13 In line with aforementioned study, urushiol mediated up-regulation of p53 on MKN-45 cells (Fig. 5) .
Moreover, expression of Bax was increased on MKN-45 cells by urushiol treatment without detectable expression of Bcl-2 (Fig. 5) . It was well known concept that Bcl-2/Bax ratio appears to be an important determinant in the regulation of apoptosis. 19 Decreased expression ratio of Bcl-2/Bax proteins in MKN-45 cells seems to play a role being more sensitive to the cytotoxic effect of urushiol when compared to MKN-28 (Fig. 5 ).
The binding of agonistic anti-Fas antibody of Fas ligand to
Fas receptor result in transduction of a cytolytic signal to the cell, followed by apoptosis. 18 This was well examined in a variety of leukemia/lymphoma cell lines in vitro. (Fig. 3A, 4B ). However, it was not observed that the DNA fragmentation ( Fig. 3B ) and nuclear condensation (Fig. 4D) in MKN-28 cell by urushiol treatment. To investigate the morphological changes induced by urushiol treatment, the total cellular morphology was examined under electron microscopy. Urushiol induced significant morphological changes indicating apoptosis.
The chromatin was condensed and became segregated into sharply delineated masses. Moreover, the cytoplasmic condensation and segregation also observed on urushioltreated MKN-45 cells (Fig. 2F, 4A) .
The (Fig. 6) . Moreover, cyclin D1, CDK4, and CDK2, which are associated with the cell-cycle transition from G1
to S phase, were decreased on MKN-28 by urushiol treatment (Fig. 6 ).
In conclusion, these data suggest that urushiol induced apoptosis in MKN-45 cells and mediated cell cycle arrest in MKN-28 cells at G1 phase through different pathway.
Understanding such mechanisms of cell death and cell cycle arrest may allow us to enhance apoptotic responses in human gastric cancer cells for tumor regression. Thus, urushiol could be used as a candidate for developing chemotherapeutic agent in human gastric cancer cells.
